Background: Elective bilateral salpingo-oophorectomy (BSO) is routinely performed with hysterectomy for benign conditions despite conflicting data on longterm outcomes.
. Bilateral salpingo-oophorectomy decreased incident ovarian cancer (0.02% in the BSO group; 0.33% in the ovarian conservation group; number needed to treat, 323) during a mean (SD) follow-up of 7.6 (1.6) years, but there were no significant associations for breast, colorectal, or lung cancer.
Conclusions:
In this large prospective cohort study, BSO decreased the risk of ovarian cancer compared with hysterectomy and ovarian conservation, but incident ovarian cancer was rare in both groups. Our findings suggest that BSO may not have an adverse effect on cardiovascular health, hip fracture, cancer, or total mortality compared with hysterectomy and ovarian conservation. Med. 2011; 171(8) : [760] [761] [762] [763] [764] [765] [766] [767] [768] H YSTERECTOMY IS THE MOST common nonobstetric major surgery among women in the United States, with approximately 600 000 procedures each year. [1] [2] [3] Ninety percent of hysterectomies are for benign gynecologic conditions, such as symptomatic uterine fibroids or abnormal uterine bleeding. 3, 4 Elective bilateral salpingo-oophorectomy (BSO) is routinely offered to women 40 years or older at the time of hysterectomy to prevent the development of ovarian cancer, a rare but highly morbid disease with a 1.4% lifetime risk. 5 Bilateral salpingo-oophorectomy is performed in 40% of benign hysterectomies among women aged 40 to 44 years; 60%, among women aged 45 to 50 years; and 78%, among women aged 50 to 55 years. 1, 6 The decision to perform an elective BSO is complex and controversial. Most hysterectomies are performed in premenopausal women, when BSO causes an abrupt decline in ovarian hormone levels that may result in menopausal symptoms. Historically, estrogen was commonly prescribed after BSO to treat these symptoms and substitute for the loss of endogenous ovarian hormones. However, since the Women's Health Initiative (WHI) randomized trials demonstrated more harm than benefit associated with postmenopausal hormone therapy (HT), there has been a dramatic decline in the use of HT. [7] [8] [9] [10] As a result, the practice of performing elective BSO with hysterectomy has become more controversial. studies on the potential risks associated with BSO have had conflicting results. Some observational studies have found an increased rate of fatal and/or nonfatal coronary heart disease (CHD) after BSO, [14] [15] [16] [17] [18] whereas others have reported no association between BSO and CHD. [19] [20] [21] [22] Several studies have reported an increased risk of fracture after BSO due to the protective effect of endogenous estrogen and androgens on bone health, 23, 24 but other investigations have not confirmed this risk. 25, 26 These conflicting data are due to methodologic and statistical limitations in much of the current literature, including small sample sizes, lack of multivariable models, comparison groups of women who did not undergo hysterectomy, and inattention to use of HT among participants.
Arch Intern
In this study, we used data from the WHI Observational Study to examine the effect of BSO on the development of cardiovascular disease (CVD), hip fracture, and cancer. Our aim was to overcome the limitations of prior studies by using data from a large prospective cohort of diverse women who all underwent hysterectomy and reported detailed histories of HT use. These results may inform preoperative counseling for the thousands of women who undergo benign hysterectomy every year and are offered an elective BSO.
METHODS

STUDY POPULATION
The WHI Observational Study is a prospective cohort study of 93 676 postmenopausal women aged 50 to 79 years at enrollment. Women were recruited at 40 clinical centers in the United States from September 1, 1993, through December 31, 1998. These women were initially invited to participate in a randomized trial of either dietary modification or exogenous hormone use. After a screening examination, they were found to be ineligible or not interested in trial participation but agreed to participate in an observational study. For the observational study, major exclusion criteria were the expectation of not residing in the area for at least 3 years, a medical condition associated with predicted survival of less than 3 years, or inability to provide informed consent. The study was approved by each clinical center's institutional review board. All women provided signed informed consent.
For the current analysis, we included women from the WHI Observational Study who reported a history of hysterectomy (n = 39 149 [41.8% of the study population]). These participants completed questionnaires that queried whether they had undergone a unilateral oophorectomy or BSO. We classified women who reported prior BSO as the BSO group and women who did not report removal of any ovaries as the hysterectomy-only group. Women who underwent unilateral oophorectomy, "partial removal" of an ovary, or removal of an unknown number or who had an unknown history of ovarian removal were excluded, leaving 32 235 participants for analysis. In the primary analysis, we excluded women with an incident BSO during the study (n = 234) and those with a personal history of cancer (n = 5868) or a family history of ovarian cancer (n = 943) because our focus was on women at low risk for ovarian cancer when BSO is an elective procedure. After these exclusions, there remained 25 448 women in the analysis of whom 14 254 (56.0%) reported a prior BSO.
OUTCOME MEASURES
Detailed explanations of all outcomes and methods for ascertainment and classification have been published. 27 In brief, participants completed baseline questionnaires on demographic information, reproductive history, and medical and family history. Surgical histories of hysterectomy and oophorectomy and age at surgery were obtained through these self-reported questionnaires. Body mass index was calculated using height and weight measured at a clinical visit. Smoking status (never, past, or current) was determined from lifetime smoking of at least 100 cigarettes, current daily cigarette smoking, and selfreport of smoking cessation. Physical activity was categorized by the number of weekly episodes of mild, moderate, or strenuous recreational physical activity.
Prevalent medical conditions, such as diabetes mellitus, hypertension, hypercholesterolemia, angina, prior myocardial infarction (MI), fracture, or cancer were based on self-report at baseline. Family history of premature CHD was defined as an MI in a first-degree male relative before 55 years of age or a first-degree female relative before 65 years of age. Hormone therapy use was classified as never, past, or current use of estrogen or estrogen with progestin delivered through pills or patches. Participants were asked to estimate the number of years they had been using HT.
The primary outcome measures were incident cardiovascular events, including fatal and nonfatal CHD; coronary revascularization (coronary artery bypass graft [CABG] or percutaneous transluminal coronary angioplasty [PTCA]); stroke defined as the rapid onset of neurological deficit that lasted more than 24 hours, required hospitalization, and was supported by imaging studies when available; and total CVD (fatal and nonfatal MI, CHD death, angina, congestive heart failure, CABG/ PTCA, carotid endarterectomy, peripheral vascular disease, stroke, definite and possible silent MI, and cardiovascular death). Secondary outcomes were hip fracture confirmed by radiographic findings and/or surgical report; ovarian, breast, or colorectal cancer confirmed by pathology report; and death confirmed by death certificate. Participants were contacted once a year and asked to report any hospitalizations or events suggestive of study outcomes of interest. Medical records for all participant responses indicating a possible study outcome were reviewed and abstracted. Hip fracture and ovarian, breast, and colorectal cancer outcomes were adjudicated centrally by WHI physician adjudicators (including M.A.A.) for hip fracture or trained SEER (Surveillance, Epidemiology, and End Results) coders for cancer outcomes. Coronary heart disease, stroke, and total cardiovascular and lung cancer outcomes were adjudicated by local WHI physicians at each site.
STATISTICAL METHODS
Differences in baseline characteristics by oophorectomy status were compared using 2 tests of association for categorical variables and 2-sample t tests for continuous variables. Incidence rates per 100 000 person-years were reported for all outcome variables. Incident follow-up time was defined as the number of days from enrollment to the first outcome event. For women who did not have an event, follow-up time was censored at last contact if lost to follow-up (4.8% of the study population) or at study termination (March 31, 2005) .
Multivariable Cox proportional hazards regression analyses were used to assess the association between BSO and all outcomes of interest. Hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated for the entire cohort. Age was used as the time variable in all Cox models because HRs for BSO outcomes may differ by age at enrollment. In addition, overall models for each end point used age at hysterectomy as a strata variable. The proportional hazards assumption was tested by incorporating an interaction term of BSO status with the log of follow-up time for each outcome in a Cox model with the main effect of BSO status and testing for a deviation from unity. P values for all end points other than total cardiovascular outcomes and death ranged from .12 to .81. Although the P values for the total cardiovascular and death end points were moderately significant, plots of the Kaplan-Meier survival vs survival time and log(−log[survival]) vs log(survival time) did not show a violation of the assumption. Similar results were obtained when the Cox regression analyses were performed with time to event as the time variable. A multivariable model was constructed that controlled for race/ethnicity, education, medical insurance, current health care provider, parity, body mass index, and type and duration of HT use. In addition, other covariates unique to each outcome variable were included in the model as follows: (1) cardiovascular outcomes were adjusted for smoking, alcohol use, exercise, treatment for hypertension, diabetes mellitus ever, high cholesterol levels requiring medication therapy, history of angina, personal or family history of MI (for CHD and total CVD), CABG/PTCA (for CABG/PTCA and total CVD), or stroke (for stroke and total CVD); (2) hip fracture was adjusted for smoking, alcohol use, exercise, or personal or family history of fracture; (3) cancer outcomes were adjusted for smoking, alcohol use, exercise, diabetes ever, family history of breast cancer (for breast cancer), colorectal cancer (for colorectal cancer), or any cancer (for total cancer); and (4) death was adjusted for smoking, alcohol use, exercise, hypertension, diabetes ever, high cholesterol levels requiring medication therapy, personal history of angina, MI, CABG/PTCA, stroke, or family history of MI or stroke.
Tests for interaction of BSO status with age at hysterectomy and HT use were performed for all outcomes using a Wald 2 test. Although none of these tests were statistically significant at the .05 level, we present results by age at hysterectomy and among women who never used HT because of the clinical relevance of evaluating these groups separately. We also conducted a subgroup analysis of women with a family history of breast and/or ovarian cancer to gain insight into counseling these patients at high risk for ovarian cancer. All analyses were conducted using commercially available software (SAS for Windows, version 9; SAS Institute, Inc, Cary, North Carolina). Table 1 demonstrates the demographic and clinical characteristics of the 25 448 women in our analysis who underwent hysterectomy with or without BSO. The mean age at enrollment was approximately 63 years for the BSO and hysterectomy-only groups. Most of the women in both groups were white and had an annual income of more than $20 000 with at least a high school diploma or equivalent. Women who underwent BSO were more likely to undergo hysterectomy at 40 years or older compared with women who underwent hysterectomy only (P Ͻ.001). There were no statistically significant differences between the study groups in body mass index, smoking, or exercise. The mean (SD) follow-up time for participants was 7.6 (1.6) years.
RESULTS
The baseline medical history of study participants and use of HT are shown in Table 2 . Women who underwent a BSO had a slightly higher prevalence of treated hypertension (31.0% vs 28.3%; PϽ.001) and angina (7.3% vs 6.6%; P=.03). However, at baseline, the BSO group did not report a greater number of past cardiovascular events, including MI, stroke, and deep vein thrombosis or pulmonary embolus, compared with the hysterectomyonly group. There were no statistically significant differences between the groups for a family history of MI, breast or colorectal cancer, or fracture (data not shown). Most of the women (78.6%) had used HT. Women who underwent BSO were more likely to have used HT in the past (15.8% vs 12.9%), at study enrollment (68.0% vs 59.3%), and for at least 10 years (50.4% vs 35.3%). Most of the women who reported prior or current HT use had used estrogen alone, not estrogen and a progestin. Abbreviations: BSO, bilateral salpingo-oophorectomy; GED, General Educational Development test. a Mean (SD) age at screening was 63.3 (7.4) years in the hysterectomy-alone group compared with 63.5 (7.3) years in the BSO group (P = .02). Among the 11 071 patients in the hysterectomy-only group in whom body mass index (BMI, calculated as the weight in kilograms divided by height in meters squared) was calculated, mean (SD) BMI was 27.6 (5.7) compared with 27.7 (6.0) in 14 120 patients in the BSO group (P = .44).
b Percentages have been rounded and might not total 100. Denominators may vary because of missing data.
Overall Ovarian cancer was rare in both groups, although far less common among women who underwent BSO compared with ovarian conservation (Table 3 ). In the hysterectomy-only group, 0.33% of the women developed ovarian cancer compared with 0.02% of the women in the BSO group (number needed to treat, 323). There were no statistically significant differences between the groups for incident breast, colorectal, lung, or total cancer. Total mortality was equivalent for the BSO and hysterectomyonly groups (797 vs 791 deaths per 100 000 personyears; HR, 0.98 [95% CI, 0.87-1.10]).
In a subgroup of women who never used HT ( models. In these analyses, there was 90% power to detect HRs of at least 1.6 for CHD, 1.8 for stroke, and 1.4 for death. The percentage of women with ovarian cancer was greatly reduced in the BSO group (0.04% vs 0.23% for the hysterectomy-only group). There were no overall statistically significant differences between groups for breast, colorectal, lung, or total cancer, but women younger than 40 years at hysterectomy had a decreased risk of breast cancer (HR, 0.36 [95% CI, 0.14-0.95]). In the subgroup analysis of women with a family history of breast or ovarian cancer (n=5270), there were no statistically significant adverse outcomes after BSO (data not shown).
COMMENT
In this observational cohort study of more than 25 000 postmenopausal women with a history of hysterectomy, there were no statistically significant risks associated with BSO for incident CVD, hip fracture, or total mortality. As expected, women who underwent BSO were far less likely to develop ovarian cancer compared with women who retained their ovaries. However, incident ovarian cancer was rare, irrespective of BSO status (0.33% vs 0.02%). There were no significant associations of BSO with other cancer outcomes, including breast, colorectal, lung, or total cancer in the overall analysis.
Our negative findings for BSO risk do not indicate that ovarian hormones lack an important role in the pathogenesis of CVD, fractures, cancer, or death. Rather, our results suggest that, compared with women who undergo hysterectomy alone, concomitant BSO may not incur additional risks. Women who undergo hysterectomy, with or without BSO, may have more risk factors for CVD compared with women who do not undergo hysterectomy. 17 In addition, hysterectomy alone with ovarian preservation has been found to compromise ovarian function, likely because of disruption of the ovarian blood supply during hysterectomy. 28, 29 Premenopausal women who undergo hysterectomy with ovarian preservation have higher folliclestimulationg hormone levels, lower ovarian sex steroid levels, decreased ovarian blood flow, and earlier menopause compared with similarly aged women who do not undergo hysterectomy. [30] [31] [32] [33] Even among postmenopausal women, ovarian androgen levels are decreased in women with a history of hysterectomy alone compared with those who experience natural menopause. 34 Therefore, the absolute difference in hormone levels between women who undergo hysterectomy with or without BSO and the duration of these differences may not be sufficient to demonstrate a significant effect on health outcomes. Abbreviations: BSO, bilateral salpingo-oophorectomy; CABG, coronary artery bypass graft; CHD, coronary heart disease; CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio; PTCA, percutaneous transluminal coronary angioplasty; PYE, person-years of exposure.
a All outcomes are controlled for age, race/ethnicity, educational level, medical insurance, current health care provider, parity, body mass index, hormone therapy (HT) use and duration of use, and HT type. In addition, other variables included in the model were unique to each outcome as follows: (1) for CVD outcomes, smoking, alcohol use, exercise, treatment for hypertension, diabetes mellitus ever, high cholesterol levels requiring medication, history of angina, personal or family history of myocardial infarction, CABG/PTCA, or stroke; (2) for hip fracture, smoking, alcohol use, exercise, or personal or family history of fracture; (3) for cancer outcomes, smoking, alcohol use, exercise, diabetes ever, or family history of breast cancer (for breast cancer), colorectal cancer (for colorectal cancer), or any cancer (for total cancer); and (4) for death, smoking, alcohol use, exercise, hypertension, diabetes ever, high cholesterol levels requiring medication, personal history of myocardial infarction, CABG/PTCA, stroke, or family history of myocardial infarction or stroke.
b Unable to conduct multivariable analysis owing to small number of outcomes (n = 3).
The primary goal of performing elective BSO is ovarian cancer prevention. Currently, there is no validated screening test for ovarian cancer in low-risk populations. Most patients present with advanced disease, for which the 5-year survival is 28%. 35 Although BSO nearly eliminates the risk of developing ovarian cancer, hysterectomy alone with ovarian preservation may also have a protective effect. In our analysis, the rate of ovarian cancer in the hysterectomy-only group (0.33%) is consistent with reports of lower rates of ovarian cancer in studies of women who undergo hysterectomy compared with women who do not. [36] [37] [38] Several mechanisms have been proposed to explain this decreased rate of ovarian cancer after hysterectomy, including intraoperative inspection of the ovaries, common preoperative use of oral contraceptives among women who undergo hysterectomy, Abbreviations: See Table 3 . a All outcomes controlled for are described in Table 3 . b Unable to conduct multivariable analysis owing to small number of outcomes (n = 3).
and prevention of exposure to carcinogens from the lower genital tract. [39] [40] [41] Given the very low rate of ovarian cancer after hysterectomy with ovarian preservation, BSO may provide minimal additional benefit.
The findings in our subgroup analyses are of interest, although smaller sample sizes make the results less robust than the primary analysis, particularly for models that stratify by age at hysterectomy. Many women are hesitant to use HT because of the risks reported in the WHI randomized trials of estrogen alone and estrogen plus progesterone. 42, 43 In this context, women may forego BSO because they believe postoperative HT is necessary to prevent adverse consequences of BSO. However, in our overall analysis of 5418 women who never used HT, BSO was not associated with statistically significant increased risks for CVD, hip fracture, or mortality. This subgroup sample size provided 90% power to detect HRs of at least 1.60 for fatal and nonfatal coronary heart and 1.40 for death. This leaves open the possibility that we were unable to identify statistically significant small differences between groups for the outcomes of interest given the point estimate of 1.24 for CHD. There was less power to detect differences between groups in models stratified by age at hysterectomy, including those for women younger than 40 years at hysterectomy, for whom some HRs were greater than 1.00 (HR, Our findings differ from results of the Nurses' Health Study (NHS), the only other large prospective cohort study to evaluate the risks of BSO compared with hysterectomy and ovarian conservation. 13 In the NHS, BSO was associated with an increased risk of CHD, death from lung cancer or any cancer, and total mortality, with HRs ranging from 1.17 to 1.31. 13 In the NHS and the WHI, most of the women underwent hysterectomy in their fifth decade of life, but the WHI was an older cohort at study enrollment (mean age, 63 vs 51 years). Our findings may therefore differ if BSO increases the risk of adverse outcomes among women in their sixth decade of life, closer to the time of hysterectomy. Follow-up time was also longer in the NHS compared with our study (Յ24 vs nearly 8 years), which may explain some of the variation in our findings. Finally, we selected different cut points for age at hysterectomy than the NHS. To facilitate direct comparisons, we repeated our analyses using the NHS categories for age at hysterectomy (Ͻ45, 45-54, and Ն55 years for Table 3 , and Ͻ50 or Ն50 years for Table 4 ). However, there were no substantial quantitative or qualitative differences in our results using these new cut points (data not shown).Therefore, we present our initial age-at-hysterectomy groupings because we believe these are clinically meaningful categories to distinguish the effect of BSO on premenopausal women (aged 40-49 years) compared with postmenopausal women (aged Ն50 years).
There are several limitations to our study. First, incorrect self-report of oophorectomy status can result in misclassification of the predictor groups. In the NHS, selfreport of oophorectomy was nearly perfect compared with adjudication of the surgical record, 44 but other studies have found lower accuracy rates. 33, 45 Second, we were unable to determine whether women who reported prior hysterectomy and BSO underwent these surgeries concomitantly or at different times. However, most women likely underwent BSO at the time of hysterectomy because the incidence of BSO after hysterectomy is 0.89% to 5.5%. [46] [47] [48] [49] [50] [51] [52] Our analyses may also be affected by survivor bias because WHI participants began follow-up many years after they underwent hysterectomy. Although we included many confounding factors in our multivariable Cox models, residual confounding or confounding by unknown variables may also have influenced our results. Finally, our primary analysis had 90% power to detect HRs of at least 1.10 to 1.30 for cardiovascular outcomes, 1.50 for hip fracture, 1.10 to 1.60 for cancer, and 1.20 for death. Therefore, despite a large sample size, it is possible that we were unable to detect small differences between groups in some outcome measures.
To date, there are no randomized trials of BSO, although a pilot study is under way (clinicaltrials.gov identifier NCT01007305). Women who plan to undergo hysterectomy must weigh the risks and benefits of elective BSO on the basis of the current observational literature, which is inherently prone to bias and confounding. Some women may highly value BSO for ovarian cancer prevention, although the absolute benefit beyond hysterectomy alone is small. In our study with an average of 7.6 years of followup, 1 case of ovarian cancer was prevented for every 323 BSOs performed. Cardiovascular disease is the most important potentially adverse outcome of BSO because it is the primary cause of mortality among women, resulting in 454 613 deaths per year compared with 14 857 deaths due to ovarian cancer. 53 In our analysis, BSO was not associated with statistically significant increased risks of any cardiovascular outcome compared with hysterectomy and ovarian conservation despite a sample size with 90% power to detect HRs of at least 1.30 for fatal and nonfatal CHD. We did not evaluate some possible outcomes of BSO that have been examined in prior studies and may influence patient preferences, including menopausal symptoms, sexual function, mental health, and cognitive function. Overall, our findings in this large cohort of postmenopausal women demonstrate a benefit of BSO for ovarian cancer prevention beyond that of hysterectomy alone and suggest that there may not be significant long-term harms after BSO on cardiovascular health, hip fractures, or cancer.
